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Introduction
In RAN1 #83 meeting, following agreements were achieved [1]:
· SLSS and PSBCH transmission of UE is supported for PC5 based V2V. 
· UE capability of SLSS transmission will be discussed later.
· Rel. 12/13 physical format of SLSS/PSBCH is the starting point.
· FFS number and location of PSBCH DM RS
· FFS PSSS root index, SLSS ID
· Rel. 12/13 sync procedure (e.g., sync reference priority) is the starting point.
· FFS PSBCH contents
And in RAN1 #84 meeting, following agreements were achieved [2]：
· Sensing with semi-persistent transmission is supported
· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs
· Working assumption:
· No new synchronization signal sequence is defined in V2V 
The modified synchronization procedure and mechanisms are presented in [3]. As a companion contribution, considerations on the content of PSBCH and transmission of PSBCH are discussed in this one. We present how to utilize PSBCH in GNSS or GNSS-equivalent based and eNB based synchronization for V2V communication to transmit the timing information and configuration parameters. 
Discussion
1. 
2. 
2.1. Background
In R12 D2D, PSBCH includes the following 40 bits four types of content [4]:
· System configuration: system bandwidth is 3 bits and TDD-config is 3 bits;
· Timing configuration: DFN is 10 bits and DFN subframe is 4 bits;
· In coverage: 1 bit;
· Reserved: 19 bits;
It is required for R12 D2D communications that SLSS and PSBCH are transmitting simultaneously. The receiving UEs can obtain the system configuration and timing configuration by PSBCH, and can distinguish the synchronization source priorities with the combination of SLSS id and in coverage indication in PSBCH.
A UE shall transmit PSBCH and SLSS id when the following conditions are met [4]:
Table 1 Scenarios of UE transmitting PSBCH and SLSS id for D2D communication
	Coverage State
	RRC connection state
	Network control flag
networkControlledSyncTx
	Transmitting threshold
	RSRP measurement 

	In  coverage
	RRC_CONNECTED
	on
	none
	none

	
	
	off
	syncTxThreshIC in SIB18
	RSRP measurement of the cell chosen for sidelink communication transmission is below the value of syncTxThreshIC

	
	RRC_IDLE
	none
	
	

	Out of coverage 
	none
	none
	syncTxThreshOoC in  SL-Preconfiguration
	S-RSRP measurement result of the selected SyncRef UE is below the value of syncTxThreshOoC

	
	
	
	
	UE has no selected SyncRef UE 


From above table, there are four possible PSBCH transmission scenarios:
· In coverage and RRC_CONNECTED state, UEs transmit continuously.
· In coverage and RRC_CONNECTED state, UEs are at the cell edge.
· In coverage and RRC_IDLE state, UEs are at the cell edge.
· Out of coverage, UE is independent synchronization source.
Through the transmission of synchronization information, the synchronization range can be extended and the number of synchronization clusters will be reduced.
2.2. PSBCH content
Because UEs synchronize with GNSS directly can be synchronization source, the synchronization priorities of V2V is different from D2D:
· In-coverage UEs will synchronize with GNSS directly or indirectly in GNSS-based synchronization without consideration of synchronizing with eNB; while in-coverage UEs in R12 D2D only synchronize with eNB;
· Partial-coverage UEs may synchronize with out-of-coverage UE of synchronizing with GNSS directly [3]; while partial-coverage UEs only synchronize with in-coverage UE in R12 D2D.
· The priority of out-of-coverage UEs synchronizing with GNSS directly is highest of out-of-coverage UEs; while out-of-coverage UEs are same priority in R12 D2D .
Because GNSS is introduced as synchronization source, the process of synchronization source priorities is different for in coverage, partial coverage and out of coverage from R12 D2D. Because no new sequence is added, the receiving UEs need distinguish V2V and D2D from the content of PSBCH [2]. 
Proposal 1：Considering no additional new sequences added for V2V, the receiving UEs can distinguish V2V and D2D from the content of PSBCH.
Because eNB instructs eNB-based and GNSS-based synchronization, partial-coverage UE and the UEs at the boundary of different synchronization type need know the configuration. One bit is added to indicate the synchronization type is eNB-based or GNSS-based in PSBCH.
Proposal 2：One bit is added to indicate the synchronization type is eNB-based or GNSS-based in PSBCH.
With the combination of SLSS id and in coverage [6], the synchronization source priorities can be distinguished.  It is unnecessary to indicate the synchronization information is from GNSS in PSBCH.
Proposal 3：It is unnecessary to indicate the synchronization information is from GNSS in PSBCH；
1. 
2. 
2.1. 
2.3. PSBCH transmission
Based on the mentioned analysis, there are four PSBCH transmission scenarios. Whether the scenarios exist in V2V scenarios, the related discussions are listed:
1、 In coverage and RRC_CONNECTED state, UEs transmit continuously.
· When vehicles are at high speed, if eNB instruct eNB-based synchronization, the timing and frequence offset may be large because of transmission delay and Doppler impact. UEs need  adjust the synchronization in  time to keep synchronization with nearby in-coverage UEs.
2、 In coverage and RRC_CONNECTED state, UEs are at the cell edge.
3、 In coverage and RRC_IDLE state, UEs are at the cell edge.
· If the adjacent cells are configured with eNB-based synchronization and GNSS-based synchronization, the adjustment of receiving UEs is needed to compensate the timing offset with PSBCH.
· Partial-coverage UEs can receive PSBCH from UEs at cell edge in coverage.
4、 Out of coverage, UE is independent synchronization source.
· Reusing R12 D2D, the independent synchronization source UE can be detected by transmission of PSBCH.
From above analysis, four PSBCH transmission scenarios in D2D are still applicable in V2V. The related Transmission on/off flag, power threshold and RSRP measurement can be reused.
Proposal 4: PSBCH transmission scenarios in D2D are still applicable in V2V. The related Transmission on/off flag, power threshold and RSRP measurement can be reused.
Because GNSS is introduced as synchronization source, reusing the principles of R12 D2D, if UE synchronize with GNSS directly and the UE is the central UE of the synchronization cluster composed of UEs synchronizing with GNSS directly, the UE is unnecessary to transmit the PSBCH continuously. 
When UE synchronize with GNSS directly is at the boundary of clusters, and can receive the synchronization information from UE synchronize with GNSS indirectly, the UE synchronize with GNSS directly will transmit PSBCH to provide the synchronization information. The detailed process need to be FFS.
Proposal 5: When UE synchronized with GNSS directly is at the boundary of clusters and can receive the synchronization information from UE synchronized with GNSS indirectly, the UE synchronized with GNSS directly will transmit PSBCH to provide the synchronization information. 
2.4. PSBCH period 
The synchronization period is 40ms and typical service is VoIP in R12 D2D, but the typical services of V2V is periodic broadcast messages and event-triggered messages with 100ms.
If synchronization period is still 40ms, the following problems are listed:
1. Overhead is too high (2.5%~5%) to be efficient resource utilization.
2. With stronger computing capability and without consideration of power saving, synchronization period can be configured enough long to satisfying the requirement of reliability of V2V communications [7].
3. If the synchronization period is set as 40ms, five synchronization periods is equal to two service period. In other word, 200ms the synchronization subframe will collide with service subframe. With the agreements of RAN1#84 meeting, resource allocation of SPS+sensing will increase the possibility of collision and resource reselection. The system performance of resource utilization and service reliability will be deteriorated.
It is suggested that synchronization period of V2V is not reusing R12 D2D as 40ms but as N*100ms (N>=1). Because synchronization subframe is not considered in resource allocation of services, the collision can be avoided efficiently. With N*100ms, the synchronization period of V2V can be multiple synchronization period of D2D, and the compatibility of synchronization period with V2V and D2D can be achieved.
Assuming the synchronization period is 100ms, the performance of PSBCH in different SNR configuration is presented in Figure 1 which is based on the simulation assumption and the performance of possible DMRS location in [8],.
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	a) SNR= -1
	b) SNR=0
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	c) SNR=2
	d) SNR=4


[bookmark: _Ref447095828]Figure 1 Link-level performance of V2X synch signal
At 0 dB SNR (Figure 1 b)), within two synch periods, PSBCH with 3 DMRS #3/6/9 of speed 280kmh is decoded with probability 0.9875. The performance of PSBCH with 3 DMRS #3/6/9 of higher speed 500kmh is little worse with probability 0.9669. The performance of PSBCH with 2 DMRS #3/10 is worst with probability 0.5774. The performance of PSBCH is improved with increasing SNR (SNR >= 0) with the same trend. 
But at -1 dB SNR (Figure 1 a)), within two synch periods, PSBCH with 3 DMRS #3/6/9 of speed 500kmh is decoded with probability 0.9387 which is lower than probability 0.95. 
Observation 1: The performance of PSBCH within two synch periods can guarantee the reliability of PSBCH of 95% with SNR>=0 and 3 DMRS #3/6/9 with 280kmh or 500kmh.
Proposal 6：Synchronization period of V2V is N*100ms (N>=1). 
2.2. 
3. 
4. 
1.1. 
Conclusion
In this contribution, PSBCH content and transmission scenarios are discussed, and then the PSBCH period is analyzed. From above analysis, we made the following proposals:
Proposal 1：Considering no additional new sequences added for V2V, the receiving UEs can distinguish V2V and D2D from the content of PSBCH.
Proposal 2：One bit is added to indicate the synchronization type is eNB-based or GNSS-based in PSBCH.
Proposal 3：It is unnecessary to indicate the synchronization information is from GNSS in PSBCH；
Proposal 4: PSBCH transmission scenarios in D2D are still applicable in V2V. The related Transmission on/off flag, power threshold and RSRP measurement can be reused.
Proposal 5: When UE synchronized with GNSS directly is at the boundary of clusters and can receive the synchronization information from UE synchronized with GNSS indirectly, the UE synchronized with GNSS directly will transmit PSBCH to provide the synchronization information. 
Observation 1: The performance of PSBCH within two synch periods can guarantee the reliability of PSBCH of 95% with SNR>=0 and 3 DMRS #3/6/9 with 280kmh or 500kmh.
Proposal 6：Synchronization period of V2V is N*100ms (N>=1). 
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